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THERMOPLASTIC ELASTOMER COMPOSITION 



(57) Provided is a thermoplastic elastomer compo- 
sition from which a sheet showing excellent uniform 
extensibility and embossing retention over a wide range 
of forming temperatures can be obtained. 

The thermoplastic elastomer composition is obtain- 
able by incorporating (C) 5 to 200% by weight of at least 
one component selected from an ethylene copolymer 
resin having a denisty of 0.94 g/cm 3 or lower and a crys- 
talline propylene polymer resin into a crosslinked poly- 
mer (II) obtained by subjecting a composition (I) 
comprising (A) 10 to 75% by weight of a crystalline pro- 
pylene polymer resin and (B) 90 to 25% by weight of a 
propylene-olefin copolymer rubber to a dynamic thermal 
treatment which is earned out in the presence of an 
organic peroxide. 
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Description 
TECHNICAL FIELD 

The present invention relates to a polyolefin thermoplastic elastomer composition. More specifically, the present 
invention relates to a thermoplastic elastomer composition capable of being molded into sheets which, when subjected 
to secondary forming such as vacuum forming, pressure forming, stamping or the like, show excellent uniform extensi- 
bility and embossing retention over a wide range of forming temperatures, and which can thus be advantageously 
formed into the skins of automotive parts, furniture, etc. 

BACKGROUND ART 

Base materials based on polyvinyl chloride resins have conventionally been used for automotive trim sheets which 
are used for the skins of instrument panels, door trims, etc. In recent years, however, thermoplastic polyolefin elastomer 
materials (hereinafter sometimes referred to simply as TPO") began to be put to practical use in order to meet the need 
for light-weight automotive parts, and to meet, in consideration ol environmental problems, the demands for automotive 
parts which can be reused and for those which can be incinerated without polluting the environment. 

As a TPO, Japanese Patent Laid-Open Publication No. 1888/1994, for example, discloses a composition compris- 
ing an olefin copolymer rubber, an olefin copolymer and a crystalline paraffin, and skin materials made from the com- 
position. 

However, molded sheets produced by using as base materials conventional TPOs have the drawback that the 
sheets generally show insufficient extensibility when subjected to secondary forming such as vacuum forming, pressure 
forming or stamping, so that the products with a high draw ratio may be torn or become extremely thin at the corners. 

Further, skin materials for interior trims such as instrument panels and door trims are embossed (provided with an 
embossed pattern) in order to impart thereto a touch of natural leather. When sheets which have been embossed in 
advance are subjected to secondary forming such as vacuum forming, so-called debossing (a phenomenon that the 
embossed pattern becomes flat) is likely to occur due to heat applied or deformation caused during the forming proc- 
ess. In order to prevent such debossing. there has been employed a method in which vacuum forming is conducted by 
using a female mold which has been embossed (provided with an embossing pattern). With this method, however, there 
is a problem that only an embossed pattern which is flatter than that of the mold is obtained. 

As another method for preventing debossing, it can be considered to lower the forming temperature. In this case, 
however, although the embossing retention is surely improved, shaping cannot be done as designed (defective draw- 
ing), or sufficiently high adhesion strength cannot be obtained when a sheet is adhered, simultaneously with the forming 
thereof, to a wood flour board or to a structural material made from crystalline polypropylene resin or the like. Thus, 
there is a problem that the range of forming temperatures which can meet both the embossing retention and the shap- 
ing requirements is extremely narrow. 

DISCLOSURE OF THE INVENTION ' 

In view of the aforementioned problems in the prior art, the present inventors have made earnest studies on ther- 
moplastic elastomer compositions which are excellent in uniform extensibility and embossing retention, which enable a 
successful secondary forming over a wide temperature range, and which are excellent in handling properties at the time 
of processing, and, as a result finally accomplished the present invention. 

Thus, the thermoplastic elastomer composition of the present invention comprises a crosslinked polymer (II) 
obtained by subjecting a composition (I) comprising 10 to 75% by weight of the following component (A) and 90 to 25% 
by weight of the following component (B) to a dynamic thermal treatment which is carried out in the presence of an 
organic peroxide, and at least one component selected from the following components (C) and (D) in an amount of not 
more than 200 parts by weight for 1 00 parts by weight of the total of the components (A) and (B), and has the following 
physical properties < 1 > to < 4> : component (A): a resin composed of the following components (A1) and (A2): 

component (A1): 50 to 100% by weight of a crystalline propylene polymer resin, and 

component (A2): 50 to 0% by weight of an olefin resin other than component (A1); component (B): an elastomer 
composed of the following components (B1) and (B2): 

component (B1): 10 to 100% by weight of a propylene-olefin copolymer rubber having a propylene content of 65 to 
90% by weight, and 

component (B2): 90 to 0% by weight of an olefin copolymer rubber other than component (B1); component (C): 5 
to 200% by weight of at least one of the following components (C1) and (C2): 
component (C1): an ethylene copolymer resin having a density of 0.94 g/cm 3 or lower, and 
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component (C2): a crystalline propylene polymer resin; and 

component (D): 0 to 100% by weight of a copolymer rubber of ethylene and an a-olefin having 3 to 12 carbon 
atoms; 

i 

s physical properties 

< 1 ) the^storage shear modulus G' in dynamic solid viscoelasticity measurement at 100°C is in the range of 3x1 0 6 
to 2x10 Pa, and the difference g between the storage shear modulus G' at 100°C and that at 140°C represented 
by the following equation (1 ) is not more than 0.6: 

g = log G' (100°C) - log G' (140°C) 

<2> the storage shear modulus G' in dynamic solid viscoelasticity measurement at 190°C is in the ranqe of 1x10 4 
to1x10 & Pa; 

< 3> the stress relaxation index r represented by the following equation (2), which is an index for stress relaxation 
from the stress at a point of 10 1 seconds to that at a point of 10 3 seconds after 300% strain has been given at 
190°C,is0.38ormore: 

r ={log G(t) (after 10" 1 seconds) - log G'(t)(after 10 3 seconds)} / 4 (2) 

(wherein G(t) represents a relaxation modulus); and 

< 4> the 100% modulus at 100°C of a 0.35 mm thick sheet is not more than 1 5 kgf/cm 2 . 

According to a preferred embodiment of the present invention, the composition (I) further comprises at least one 
25 component selected from the following components (E) and (F) in an amount of 1 0 to 250 parts by weight for 1 00 parts 
by weight of the component (A): 

component (E): a low-molecular weight olefin compound having a melt flow rate of 100 g/10 min or higher as meas- 
ured in accordance with ASTM-D1238 at 230°C under a load of 2.16 kg, and a melting point of 80°C or hiqher 
30 and 

component (F): a propylene block copolymer composed of the following block moieties (a) and (b): 

block moiety (a): a block moiety having a propylene content of 90 to 100% by weight, and a melt flow rate at 
230°C under a load of 2.16 kg of 50 g/10 min or higher, selected from the following (a1), (a2) and (a3): 

(a1): propylene homopolymer block moiety, 

(a2): a binary random copolymer block moiety consisting of propylene and ethylene or an a-olefin having 
4 to 1 2 carbon atoms, and 

(a3): a moiety containing propylene homopolymer block moiety and a binary random copolymer block moi- 
ety consisting of propylene and ethylene or an a-olefin having 4 to 1 2 carbon atoms; and 



20 



35 



40 



block moiety (b): a block moiety having an ethylene content of 20 to 100% by weight, selected from the follow- 
ing (b1), (b2) and (b3): 

45 (b1 ) : ethylene homopolymer block moiety. 

(b2): a binary random copolymer block moiety consisting of ethylene and an a-olefin having 3 to 1 2 carbon 
atoms, and 

(b3): a moiety containing ethylene homopolymer block moiety, and a binary random copolymer block moi- 
ety consisting of ethylene and an a-olefin having 3 to 12 carbon atoms 

50 
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BEST MODE FOR CARRYING OUT THE INVENTION 

(1) Components 
Component (A): Resin 

Component (A1): Crystalline propylene polymer resin 

The component (A) constituting the composition (I) for use in the present invention comprises a crystalline propyl- 
ene polymer resin (component (A1)). 

As the crystalline propylene polymer resin, it is possible to use propylene homopolymer, a propylene random copol- 
ymer that is a copolymer of 90% by weight or more of propylene and 10% by weight or less of another a-olefin such as 
ethylene, butene-1 or hexene-1 , or a propylene block copolymer containing 30% by weight or less of an a-olefin other 
than propylene, composed of 50 to 95% by weight of propylene homopolymer block and 5 to 50% by weight of a copol- 
ymer block consisting of propylene and the a-olefin other than propylene. 

The crystalline propylene polymer resin includes those ones which generally have crystallinities of 35% or higher, 
preferably 40 to 80% as measured by means of X-ray diffractometry. 

Of these is preferably used a crystalline propylene polymer resin having a melt flow rate (MFR) of 0.01 to 100 g/10 
min, preferably 0.1 to 80 g/10 min, and particularly 0.1 to 20 g/10 min as measured in accordance with ASTM-D1238 
at 230°C under a load of 2.1 6 kg. 

Those crystalline propylene polymer resins having crystallinities lower than the above-described range have the 
problem of embossing (embossed pattern) retention. 

Further, the number-average molecular weight of the crystalline propylene polymer resin is from 35,000 to 200,000. 
preferably from 36,000 to 1 50.000. particularly from 50,000 to 1 50.000. 

Component (A2): Another olefin resin 

The component (A) constituting the composition (I) for use in the present invention can comprise, in addition to the 
above-described crystalline propylene polymer resin (component A(1)), another olefin resin (component A(2)). 

Examples of such another olefin resin include homopolymers of a-olef ins other than propylene, such as ethylene, 
butene-1 and hexene-1 , copolymers of two or more of these a-olefins, and copolymers of these a-olef ins and polymer- 
izable monomers other than a-olefins, such as vinyl acetate, alkyl acrylate, alkyl methacrylate, acrylic acid and meth- 
acrylic acid. The olefin resin can include those copolymers containing propylene as a comonomer as long as they do 
not correspond to the above-described crystalline propylene polymer resin (component (A1)). 

Among these olefin resins other than the crystalline propylene polymer resin, ethylene polymer resins are pre- 
ferred. 

The ethylene polymer resins herein refer to medium-density polyethylenes, high-density polyethylenes, linear low- 
density polyethylenes. copolymers of ethylene and 20% by weight or less of a-olefins other than ethylene, such as pro- 
pylene, butene-1 and hexene-1, and copolymers of ethylene and 25% by weight or less of polymerizable monomers 
other than a-olefins, such as vinyl acetate, alkyl acrylate, alkyl methacrylate, acrylic acid and methacrylic acid. These 
polymers preferably have melt flow rates (MFRs) of 0.01 to 200 g/10 min, particularly 0.1 to 100 g/10 min as measured 
in accordance with ASTM-D1 238 at 1 90°C under a load of 2. 1 6 kg, and densities of 0.88 to 0.97 g/cm 3 , particularly 0.89 
to 0.96 g/cm . Their crystallinities measured by X-ray diffractometry are generally 35% or higher, preferably 40 to 80%. 

The crystalline propylene polymer resin and the olefin resin other than the same are blended in such proportions 
that the former resin will be from 50 to 1 00% by weight, more preferably from 60 to 1 00% by weight of the total of these 
two resins. When these resins are blended in proportions not within this range, the resulting molding tends to show poor 
uniform extensibility upon secondary forming. 

Component (B): Elastomer 

Component (B1): Propylene-olefin copolymer rubber 

The component (B) constituting the composition (I) for use in the present invention comprises a propylene-olefin 
copolymer rubber having a propylene content of 65 to 90% by weight. Since this propylene-olefin copolymer rubber has 
a high propylene content, it is highly compatible with the previously-mentioned crystalline propylene polymer resin 
(component (A1)) contained in the component (A), and can improve the uniform extensibility and embossing 
(embossed pattern) retention. 

Specific examples of this propylene-olefin copolymer rubber include copolymer rubbers of propylene and a-olefins 
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other than propylene, such as ethylene, butene-1 and hexene-1 . 

The propylene-olefin copolymer rubber includes low-or non-crystalline polymers having crystallinities of 30% or 
lower as measured by X-ray diffractometry, and Mooney viscosities ML 1+4 (100°C) according to ASTM-D1646 of 10 to 
200, more preferably 20 to 1 50. 

5 Of these, propylene-ethylene copolymer rubber is preferred. The propylene content of the propylene-ethylene 

copolymer rubber is from 65 to 90% by weight, preferably from 66 to 85% by weight, particularly from 66 to 80% by 
weight. When the propylene-ethylene copolymer rubber has a propylene content lower than 65% by weight, the result- 
ing molding shows poor uniform extensibility upon secondary forming. On the other hand, when the propylene-ethylene 
copolymer rubber has a propylene content higher than 90% by weight, the resulting molding shows impaired rubber- 

10 like properties. 

Component (B2): Another olefin copolymer rubber 

The component (B) constituting the composition (I) for use in the present invention can comprise, in addition to the 
is above-described propylene-olefin copolymer rubber (component (B1)), another olefin copolymer rubber (component 
(B2)). 

This olefin copolymer rubber is a low- or non-crystalline polymer having a crystallinity of 30% or lower as measured 
by means of X-ray diffractometry. 

Examples of this olefin copolymer rubber (component (B2)) include copolymer rubbers of ethylene and a-olefins 

20 having 3 to 12 carbon atoms, such as ethylene-propylene copolymer rubber, ethyl ene-butene-1 copolymer rubber and 
ethylene-hexene-1 copolymer rubber, propyl ene-butene-1 copolymer rubber, ethylene-propyl ene-butene-1 copolymer 
rubber, ethylene-propylene-unconjugated diene terpolymer or multicomponent copolymer rubbers, and ethylene- 
butene-1 -unconjugated diene terpolymer or multicomponent copolymer rubbers. Of these, ethylene-propylene copoly- 
mer rubber, or ethyl ene-propylene-unconjugated diene terpolymer rubber is preferably used. 

25 The unconjugated diene herein refers to 1 ,4-hexadiene, dicyclopentadiene, 5-ethylidene-2-norbornene. 1 ,7-octadi- 
ene. 1 ,9-decadiene, 7-methyl-1,6-octadiene and the like. Of these, dicyclopentadiene and 5-ethylidene-2-norbornene 
are most suitable. 

The Mooney viscosities ML 1+4 (100°C) according to ASTM-D1646 of these olefin copolymer rubbers are preferably 
from 1 0 to 500, more preferably from 20 to 400. 

30 in the case where the olefin copolymer rubber is ethylene-propylene copolymer rubber or ethylene-propylene- 
unconjugated diene terpolymer rubber, the propylene content thereof is preferably from 1 5 to 60% by weight, more pref- 
erably from 20 to 55% by weight of the total amount of ethylene and propylene. 

Further, the degree of unsaturation of the olefin copolymer rubber is preferably 20 or lower, more preferably 18 or 
lower when shown by an iodine value. 

35 The propylene-olefin copolymer rubber (component (B1 )) and the olefin copolymer rubber (component (B2)) other 
than the same are blended in such proportions that the former rubber will be preferably 10 to 100% by weight, more 
preferably 1 7 to 80% by weight, particularly 20 to 60% by weight of the total amount of these two rubbers. When these 
rubbers are blended in proportions not within this range, the resulting molding shows poor uniform extensibility upon 
secondary forming, and the secondary product tends to have impaired weathering resistance. When the rubbers are 

40 blended in proportions in this range, the resulting molding shows improved embossing (embossed pattern) retention 
upon secondary forming. 

It is also possible to use these copolymer rubbers (the components (B1) and (B2)) into which a softening agent for 
rubber, that will be described later, has been incorporated in advance. 

In order to improve the embossing (embossed pattern) retention or matting effect, at least one component selected 
45 from the following components (E) and (F) can be incorporated, in addition to the above-described components (A) and 
(B) f into the composition (I) of the present invention in an amount of 10 to 250 parts by weight for 100 parts by weight 
of the component (A). 

Component (E): Low-molecular weight olefin compound 

50 

It is preferable to use component (E) because it can enhance the effect of improving the embossing (embossed pat- 
tern) retention at the time of secondary forming. 

The component (E) for use in the present invention is a low-molecular- weight olefin compound having a melt flow 
rate (MFR) of 100 g/10 min or higher, preferably 150 to 7,000 g/10 min as measured in accordance with ASTM-D1238 
55 at 230°C under a load of 2.16 kg, a melting point of 80°C or higher, and a crystallinity of normally 35% or higher, pref- 
erably 40 to 80% as measured by means of X-ray diffractometry. 

Examples of the low-molecular weight olefin compound include ethylene homopolymers, random copolymers of 
ethylene and a-olefins having 4 or more carbon atoms, propylene homopolymers, random copolymers of propylene and 
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not more than 10% by weight of other a-olefins having two or more carbon atoms, pyrolytically decomposed products 
of these polymers or copolymers, and those products obtained by decomposing these polymers or copolymers by the 
use of organic peroxides. Of these, propylene homopolymers, random copolymers of propylene and not more than 1 07© 
by weight of at least one a-olef in selected from ethylene, butene-1 and hexene-1 . pyrolytically decomposed products of 
these polymers or copolymers, and those products obtained by decomposing these polymers or copolymers by the use 
of organic peroxides are preferred. 

The number-average molecular weights of these low-molecular weight olefin compounds are generally in the range 
of 2,000 to 50,000; and it is preferable that their number-average molecular weights be in the range of 3.000 to 40,000 
from the viewpoint of embossing (embossed pattern) retention. Further, the melt flow rates (MFRs) of these olefin com- 
pounds are 100 g/10 min or higher, preferably 150 to 7,000 g/10 min as measured in accordance with ASTM-D1238 at 
230°C under a load of 2.16 kg. When the olefin compound has an excessively low MFR, the resulting molding has poor 
embossing (embossed pattern) retention. 

Furthermore, the melting points of these olefin compounds are 80°C or higher, preferably 100 to 170°C, particularly 
120 to 170°C as shown by melting peak temperatures in DSC (differential scanning calorimetric analysis). Those olefin 
compounds having excessively low melting points cannot fully produce the desired effects. 

Component (R: Propylene block copolymer 

It is preferable to use component (F) because it can enhance not only the effect of improving the embossing 
(embossed pattern) retention at the time of secondary forming but also the matting effect. 

The component (F) for use in the present invention is a propylene block copolymer composed of the following block 
moieties (a) and (b), having a crystallinity of generally 35% or higher, preferably 40 to 80% as measured by X-ray dif- 
fractometry: 

block moiety (a): a moiety having a propylene content of 90 to 100% by weight, and a melt flow rate (MFR) of 50 
g/10 min or higher as measured at 230°C under a load of 2.16 kg, selected from the following (a1), (a2) and (a3): 

(a 1 ) : propylene homopolymer block moiety. 

(a2): a binary random copolymer block moiety consisting of propylene and ethylene or an a-olefin having 4 to 
12 carbon atoms, and 

(a3): a block moiety containing propylene homopolymer block moiety and a binary random copolymer block 
moiety consisting of propylene and ethylene or an a-olefin having 4 to 12 carbon atoms; and 

block moiety (b): a moiety having an ethylene content of 20 to 100% by weight, selected from the following (b1), 
(b2)and(b3): 

(b1): ethylene homopolymer block moiety, 

(b2): a binary random copolymer block moiety consisting of ethylene and an a-olefin having 3 to 12 carbon 
atoms, and 

(b3): a block moiety containing ethylene homopolymer block moiety and a binary random copolymer block moi- 
ety consisting of ethylene and an a-olefin having 3 to 12 carbon atoms. 

The propylene block copolymer, the component (F). can be prepared by any of the production methods described, 
for example, in Japanese Patent Laid-Open Publications No. 61278/1974, No. 53990/1974, No. 133393/1976 and No. 
145113/1982. 

The melt flow rate (MFR) of the entire propylene block copolymer composed of the above-described block moieties 
(a) and (b) is preferably 20 g/10 min or higher, particularly 25 to 500 g/10 min as measured in accordance with ASTM- 
D1238 at 230°C under a load of 2.16 kg. 

Further, the melt flow rate (MFR) of the block moiety (a) contained in the propylene block copolymer is 50 g/1 0 min 
or higher, preferably 60 to 2,000 g/10 min as measured in accordance with ASTM D-1238 at 230°C under a load of 2.16 
kg. When the melt flow rate (MFR) of the propylene block copolymer or that of the block moiety (a) in the propylene 
block copolymer is excessively low, the effect of improving the embossing (embossed pattern) retention cannot fully be 
attained. 

In particular, when there is used a propylene block copolymer in which the amount of an a-olefin other than propyl- 
ene is not more than 30% by weight of the entire block copolymer, and the percentage of the block moiety (a) in the 
copolymer (the total of the block moieties (a) and (b)) is from 70 to 95% by weight, a molding that is excellent in matte 
finish can be obtained. 

It is noted that the above-described low-molecular weight olefin compound, the component (E), and the propylene 
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block copolymer, the component (F). can be used either singly or in combination. 
Component (G): Softening aoent for ruhbpr 

It is preferable to incorporate a softening agent for rubber because it plays an important roll in imparting processa- 
bility and flexibility to thermoplastic elastomers. 

Softening agents for rubber are mineral oils which are the high-boiling point fractions of petroleum, and generally 
mixtures containing aromatic rings, naphthene rings and paraffin chains in combination. Those softening agents in 
which the number of carbon atoms contained in paraffin chains is 50% or more of the total number of carbon atoms are 
called paraffin-type agents; those in which the number of carbon atoms contained in naphthene rings is from 30 to 40% 
of the total number of carbon atoms are called naphthene-type agents; and those in which the number of carbon atoms 
contained in aromatic rings is 30% or more of the total number of carbon atoms are called aromatic-type agents. Of 
these, paraffin-type agents are preferred; and the number-average molecular weights of such agents are preferably 
from 200 to 2,000, more preferably from 300 to 1 ,600. 

It is preferable to incorporate such a softening agent for rubber into the previously-mentioned component (B) in 
advance, or into the composition (I), that is, during the production of a thermoplastic elastomer by a dynamic thermal 
treatment. 

Other components 

The composition (I) for use in the present invention can comprise, if necessary, a variety of resins or elastomers in 
addition to the above-described components. Further, it is also possible to incorporate into the composition (I), when 
necessary, fillers such as glass fibers, talc, potassium carbonate, diatomaceous earth and silica, various additives such 
as weathering stabilizers, antioxidants, antistatic agents, flame retarders, dispersing agents and slip agents pigments 
such as carbon black, and the like. 

(2) Organic Peroxide 

The organic peroxide that is used for producing a thermoplastic elastomer composition of the present invention can 
be either aromatic or aliphatic, and a mixture of two or more organic peroxides can also be used. 

Specific examples of the organic peroxide include 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, 2,5-dimethyl-2,5- 
di(tert-butylperoxy)hexyne-3, tert-butylperoxybenzoate, dicumyl peroxide, 2,5-dimethyl-2,5<ji(benzoylperoxy)hexane, 
tert-butylcumyl peroxide, diisopropylbenzohydroperoxide, benzoyl peroxide and di-tert-butyl peroxide. 

(3) Proportions of Components Incorporated 

The percentages of the components (A) and (B) in the composition (I) for use in the present invention are such that 
the component (A) and the component (B) are 10 to 75% by weight and 90 to 25% by weight, respectively, of the total 
of the components (A) and (B); preferably 15 to 50% by weight and 85 to 50% by weight, respectively, of the same; par- 
ticularly 15 to 45% by weight and 85 to 55% by weight, respectively, of the same. When the amount of the component 
(A) incorporated is more than the above-described range, the resulting molding has excessively high hardness, and 
thus has an impaired flexible touch. Further, when the amount of the component (A) incorporated is less than the 
above-described range, the resulting composition has impaired moldability and mechanical strength. 

The proportion of the low-molecular weight olefin compound, the component (E), is preferably from 1 0 to 250 parts 
by weight, more preferably from 1 5 to 1 00 parts by weight for 1 00 parts by weight of the component (A). When the pro- 
portion of the component (E) is higher than the above<Jescribed range, the resulting molding shows impaired uniform 
extensibility upon secondary forming. On the other hand, when the proportion of the component (E) is lower than the 
above-described range, the resulting molding cannot show sufficiently improved embossing (embossed pattern) reten- 
tion upon secondary forming. 

The proportion of the propylene block copolymer, the component (F), is preferably from 10 to 250 parts by weight, 
more preferably from 15 to 200 parts by weight for 100 parts by weight of the component (A). When the proportion of 
the component (F) is higher than the above-described range, the resulting molding shows impaired uniform extensibility 
upon secondary forming. On the other hand, when the proportion of the component (F) is lower than the above- 
described range, the resulting molding cannot show sufficiently improved embossing (embossed pattern) retention 
upon secondary forming. 

In the case where the components (E) and (F) are used in combination, the total amount of the components (E) 
and (F) is preferably 10 to 250 parts by weight, more preferably 15 to 200 parts by weight for 100 parts by weight of the 
component (A). When the total amount of these two components is in excess of the above-described range, the result- 
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The proportion of the softening agent for rubber, the component (G). is preferably 10 to 200 Darts bv weinht 
™™TS y 15 ,0 100 TJ" Wei9ht for 100 P3rtS by wei9ht °< ^component <B)Vh£ »e pCrtilTtte 
? ' n ° l h,S ran9e ' " t6ndS 10 Weed 0ff f r0m ,he resuKin 9 thermoplastic elastome?S Z other 

SSSSZT fS ,OW6r ^ -~ the resulting molding^ 

ft. cornponents (A) -TO (E). (F) and (G) when the components (E) and (F) and the'softening a^entfo Vub^tt "corn 
ponent (G are further mcorporated into the components (A) and (B). However, the proportion of the organic perSde 
is practically decided in consideration of the degree of crosslinking. uioimeorganicperox.de 

(4) Dynamic Thermal Treatment (Production of Crosslinked Polymer) 

A crosslinked polymer is produced by subjecting the above-described components (A) and (B) and when neces- 
sary the components (E) and (F). and the softening agent for rubber, the component (G). to a dynanS^rma??it- 
ment which is carried out in the presence of the organic peroxide. mermai ireat 

h„,J^ e dynami fJ " ar mal f^ent means that the components in the melted state are kneaded by means of a Ban- 

an 3 kn6ader> 3 mixing ro " or 1he ,ike at a tenperature of generally 1 50 to 350°C p^efeSbtv li 

to 300"C for 0.2 to 30 minutes, preferably for 0.5 to 20 minutes. . preferably 160 

Crosslinking anent 

cJ^^'lKS? USed " " neC6SSary ' t096ther WW1 ^ ^ve-described organic peroxide when a 
Him Jh amP .' e t S ° f * ha cr ° sslinkin 9 a 9ent include (meth)acrylate polyfunctional monomers such as ethylene glycol 

, ™ 1716 p [ oportion of tne crosslinking agent is from 0 to 1 0 parts by weight, preferably from 0 1 to 5 Darts bv weioht tor 
100 parts by weight of the total of the above components (A) and (B). or of the total of theTomponenSS) (Bwl^R 
and (G) when the components (E) and (F) and the softening agent for rubber, the corrponen^S^ ^ aTe furthifadded to 

[II] Crosslinked Polymer (II) (Thermoplastic Elastomer) 

ma. t^atmentTs oSnS^SiT ? * *" ° 0mp0nint (B) Cr ° SS ' inked by the ^ov^cribed dynamic ther- 

mal freatment is obtained in the followmg manner: 1 gram of the thermoplastic elastomer obtained is placed on a 80 
mesh metal gauze, and extracted with boiling xylene by using a Soxhlet extractor for 10 hours: the weigh, oTthe soHa 

a^eTs^^^^ 
more^e^ 

SSJJ^iZSr 'I IOW> reSU ' tin9 e,aSt ° mer haS im ^ ired -ec^rienXand 

tnermai stability, and provides a sheet which is excessively glossy. 

[III] Post Blending 

In the present invention, the following component (C) and/or component (D) is further incoroorated into th* 
crosshnked polymer (II) (thermoplastic e.astomer) produced by the abov^escnbedWnaSc thermaSm^nt 

Component (C): Olefin rain 

The component (C) constituting the thermoplastic elastomer composition of the present invention is at least one 
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component selected from the group consisting of the following components (C1) and (C2): 

component (C1): an ethylene copolymer resin having a density of 0.94 g/cm 3 or lower, and 
component (C2): a crystalline propylene resin. Component (C1): Ethylene copolymer resin 

The ethylene copolymer resin, the above-described component (C1), for use in the present invention has such 
effects that it decreases the storage shear modulus G' at 1 90°C, which will be described later, to improve the embossing 
(embossed pattern) retention of the resulting molding at the time of the secondary forming thereof, and that it decreases 
the 100% modulus at 100°C to improve the formability at low temperatures. Such an ethylene copolymer resin is 
among the previously-mentioned ethylene copolymer resins (component (A2)), one having a density of 0 94 g/cm 3 or 
lower, preferably 0.87 to 0.93 g/cm 3 , and a crystallinity of generally 62% or lower, preferably 55% or lower as measured 
by means of X-ray diffractometry. When the ethylene copolymer resin has a density higher than the above-described 
range, the above effects cannot be attained. 

Specifically, low-density polyethylene, or a copolymer of ethylene and 20% by weight or less of another a-olefin 
such as propylene, butene-1 or hexene-1 is preferably used. The preferable melt flow rate (MFR) of the ethylene copol- 
ymer resin as measured in accordance with ASTM-D1238 at 190°C under a load of 2.16 kg is from 0 01 to 100 q/10 
min, preferably from 0.1 to 50 g/10 min. 

When the ethylene copolymer resin has a melt flow rate (MFR) higher than the above-described range, the result- 
ing molding cannot have good matte finish. On the other hand, when the ethylene copolymer resin has an MFR lower 
20 than the above-described range, the resulting elastomer has impaired moldability. 

The ethylene copolymer resin can be produced by any known method, and those ones having uniform comono- 
fer 8 r r ed IStnbUti0nS ^ Unlf ° rm molecular wei 9 ht distributions, produced by the use of metallocene catalysts are pre- 

25 Component (C2): Crystalline propylene polymer resin 

The crystalline propylene polymer resin, the component (C2). for use in the present invention has such effects that 
it decreases the storage shear modulus G' at 190°C, which will be described later, to improve the embossing 
(embossed pattern) retention of the resulting molding at the time of the secondary forming thereof, and that it makes 
30 the difference between the storage shear modulus G' at 100°C and that at 140°C small, thereby extending forming the 
range of forming temperatures. 

The previously-mentioned crystalline propylene polymer resin (component (A1)) is preferably used as this crystal- 
line propylene polymer resin. 

35 Compo nent (D): Ethyl ene-C3- 12 a-olefin copolymer ruhrw 

The component (D) for use in the present invention has such an effect that it decreases the 100% modulus at 
100°C, which will be described later, to improve the formability at low temperatures. 

The component (D) is a copolymer rubber of ethylene and an a-olefin having 3 to 1 2 carbon atoms; and ethylene- 
40 propylene copolymer rubber, ethylene-butene-1 copolymer rubber, ethylene-hexene-1 copolymer rubber or the like 
included in the previously-mentioned component (B2) is preferably used. 

Blending of Components (C) and (D) 

45 (a) Proportions 

The proportions of the components for use in the present invention are suitably determined so that the resulting 
composition can have the physical property values which will be described later. 

The above-described component (C) and/or component (D) can be used either singly or in combination. In the case 
so where these components are used in combination, their total amount is not more than 200 parts by weight, preferably 
not more than 1 50 parts by weight for 100 parts by weight of the total of the components (A) and (B). 

It is suitable to add the component (C) in an amount of 5 to 200 parts by weight, preferably 5 to 100 parts by weight 
for 100 parts by weight of the total of the components (A) and (B). 

It is suitable to add the component (D) in an amount of 0 to 100 parts by weight, preferably 0 to 80 parts by weight 
55 for 100 parts by weight of the total of the components (A) and (B). 

When the amount of the component (C) is in excess of the above-described range, the resulting composition has 
no rubber-like properties (flexibility), while when this amount is less than the above-described range, there is a tendency 
that the effects of the present invention cannot be fully attained. On the other hand, when the amount of the component 
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(D) is in excess of the above^iescribed range, the resulting composition tends to have inpaired mechanical strength. 



(b) Method of Addition 



mmJl^ "° particular limitation on the method for ^ding the components (C) and (D) to the thermoplastic elas- 
tomer. The *vo components can be dry-blended with the thermoplastic elastomer, each being in the 3o7peSete or 

torO^K 

It is noted that the previously-mentioned components (E) and (F) and softening agent for rubber can be added dur- 
.ng m.s process of Wending and kneading instead of during the above^esaibed pr^ 

[VI] Physical Properties of Thermoplastic Elastomer Composition 

The thermoplastic elastomer composition of the present invention has the following physical properties < 1 ) to < 4 > . 

t^W? 0 '* 9 ^!!' m ^ U ' US °' i0 dynami ° SOlid viscoelasti <% measurement at 100«C is in the range of 3x10 6 

G at Too^'^d ZTL T^r an9e ° f 4X ,l2 k° t Xl ° Pa ' 3nd thS differenCe 9 betWeen the stora 9 e shaa ' ™dutos 
than 0 5° represented by the following equation (1) is not more than 0.6. preferably not more 

g = logG , (100°C)-logG'(140 <> C) (1) 

When the storage shear modulus G' in dynamic solid viscoelasticity measurement at 1 00°C is in excess of the 
a^vejescnbed range, the molding of the elastomer composition cannot be shaped as designe^neSnlfTer 

Sltf '*' 6 draWin9 i b ,r SeC ° ndary f ° rmin9 SUCh 85 vacuum formir ^ » *• h7s 2255 

high hardness to give an impaired flexible touch. On the other hand, when the storage shear modulus is Ionian 

£nSo™^ 

thp r»2l Wh ^ abov t deSCribed difference 9 ^ greater than 0.6. the range of forming temperatures in which 
^^SSSZST ^ 6mb ° SSin9 (6mb0SSed *— - i5 Parties upo^ 

— < * 190 ° c is in - - 1-° 4 

When this storage shear modulus is in excess of the above-described range, the elastomer shows increased 
residua, strain when it is embossed (provided with an embossed pattern), and the set i m£££Z 

TZ^^Str^ Th h 6 m °' din9 "* Sh0WS impair6d 6mbOSSin9 («*^SSSS?S 
^ h !" 6 St0ra9e Sh6ar m0dulus is lower than tne above-described range, such a trouble may 

occ^ng the production of a sheet that the thermoplastic elastomer composition adhies to rolfers wh^fe 

S^^S^ST^ repres T? ? 106 followin9 ^"f 0 " (2) - whicn is an index for stress rela * a *>" 

190^J^J115S . 31 3 P ° int ° f 10 S6COndS after 300% strain has been 9iven at 

190 C to the thermoplastic elastomer composition, is 0.35 or more, and preferably from 0.38 to 1 .0: 

r = {log G (t) (after 10 1 seconds) - log G' (t) (after 10 3 seconds)} / 4 (2) 

in this cite)) 6 '" ^ repreS6ntS 3 r6,axation modulus < a value obtained by dividing the shear stress by the strain (3 
When the shear relaxation index r is below 0.35. the elastomer shows increased permanent set when it is 

to secondary formmg. The molding thus shows impaired embossing (embossed pattern) retention MernafiSv 
n 6 r6S ! d h Ua, 5 a,n T y be inCreased due to deformation caused during the forming E^c^SESlliS^SllS 

2££2S£T^ witn *' ,ormin9 ^ 10 a structurai m * rt * £ f22E SS, 

tht'n-!^ T 11 "" 5 31 10 °° C 01 3 ° 35 mm thick sheet made from ^thermoplastic elastomer composition of 
the present invention ,s not more than 1 5 kgf/cm 2 . preferably not more than 1 4 kgf/cm*. composition of 
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When the 100% modulus is in excess of the upper limit, the resulting molding cannot be successfully drawn upon 
secondary forming such as vacuum forming. Further, when the molding is adhered, simultaneously with the forming 
thereof, to a structural material, sufficiently high adhesion strength cannot be obtained. 

5 EXAMPLES 

The present invention will now be explained more specifically by referring to the following Examples and Compar- 
ative Examples. 

The raw materials and methods of evaluation herein used are as follows. It is noted that the term "melt flow rate 
10 (MFR)" will be hereinafter referred to simply as "MFR". 

[I] Raw Materials 

(A) Component (A) 

(a) Component (A1) 

PP® : Propylene block copolymer composed of propylene-ethylene random copolymer block moiety (a) and ethyl- 
ene-propylene random copolymer block moiety (b), having the following properties: 

the MFR (at 230°C under a load of 2.16 kg) according to ASTM-D1238 of the propylene block copolymer itself 
is33g/10min; 

the crystallinity of the propylene block copolymer itself measured by X-ray diffractometry is 50%; 
the ethylene content of the propylene block copolymer is 5.8% by weight of the entire copolymer; 
the MFR (at 230°C under a load of 2.16 kg) according to ASTM-D1238 of the block moiety (a) is 80 g/10 min; 
the propylene content of the block moiety (a) is 98.5% by weight (the ethylene content being 1.5 parts by 
weight); 

the block moiety (a) is 89% by weight of the propylene block copolymer; and 
the ethylene content of the block moiety (b) is 40% by weight. 

EE ©: Polypropylene having an MFR (at 230°C under a load of 2.16 kg) according to ASTM-D1238 of 0.7 g/10 min 
(the crystallinity measured by X-ray diffractometry being 60%). 

EE©: Polypropylene having an MFR (at 230°C under a load of 2.16 kg) according to ASTM-D1238 of 1 1 g/10 min 
(the crystallinity measured by X-ray diffractometry being 62%). 

(b) Component (A2) 

PE® : Ethylene-butene-1 copolymer having a butene-1 content of 8.3% by weight, a density of 0.920 g/cm 3 , and 
an MFR (at 190°C under a load of 2.16 kg) according to ASTM-D1238 of 16 g/10 min (the crystallinity measured 
<o by X-ray diffractometry being 48%). 

(B) Component (B) 
(a) Component (B1) 



25 



30 



35 



45 



EPM®: Propylene-ethylene copolymer rubber having a Mooney viscosity ML 1+4 (100°C) according to ASTM- 
D1646 of 70, and a propylene content of 70% by weight (the crystallinity measured by X-ray diffractometry beinq 
not higher than 5%). 



bo (b) Component (B2) 



55 



EEM@: Ethylene-propylene copolymer rubber having a Mooney viscosity ML 1+4 (100°C) according to ASTM- 
D1646 of 70. and a propylene content of 27% by weight (the crystallinity measured by X-ray diffractometry beinq 
not higher than 5%). 

EPM®: Ethylene-propylene copolymer rubber having a Mooney viscosity ML 1+4 (100°C) according to ASTM- 
D1646 of 27. and a propylene content of 27% by weight (the crystallinity measured by X-ray diffractometry beinq 
not higher than 5%). 

EPPM ®: Ethylene-propylene-5-ethylidene-2-norbornene terpolymer rubber containing 43% by weight of paraffin 
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62 Sr'S^inn l E l« en ,? 0ned bei0W l hBVinB 3 M °° ney ViSCOSity ML i*4< 1 2°°C) according to AS7M-D1646 Of 
SiS^fSS^ ? , converted into ML 1+4 (100°C)). a propylene content of 28% by weight of the total 

o^l^r^an^ 0 ^ 6 " 6 ' ^ ^ i0£fine Va ' Ue ° f 1 5 ^ CrySta " inrty by ^actometry 

S^Si^ ylen !? rOPylene ' 5 " ethylidene - 2 - no,l30rnene terpolymer rubber having a Mooney viscosity 

S^^T 0, * ,B H to ^' D1 646 ° f 1 50 ' 3 Pr0Pyl6n6 C ° n,ent ° f 36% by * the tota amounToTX 

ttaTs? ^ ^ ° f 1 5 ^ Crystal,init y measured «* diffractometry being not higher 

(C) Component (C) 

(a) Component (CI) 

EE<2>; Ethylene-hexene-l copolymer produced by the use of a metallocene catalyst, having a hexene-1 content of 

m 2 S ^2^10^ V 695 f m ' ^ a " MFR (3t 19 °° C mder 3 IOad ° f 216 k "> acco * in 9 to Asl 
D1238 of 2 g/10 m,n. the melting peak temperature of its crystals measured by the DSC method being 90«C and 

be^ng^T me ' tin9 " ^ 1 °°° C (the measured by X-ray diifractometry 

^M^S'fono"? 11 ^ 6 " 1 ° 0f » ly r r havin 9 a butene - 1 con t errt of 6.8% by weight, a density of 0.920 g/cm^. and 
"ay F ^ 

(b) Component (C2) 

EE.® i Propylene block copolymer composed of propylene homopolymer block moiety (a) and ethylene-propylene 
random copolymer block moiety (b). having the following properties: emyiene-propyiene 

^.2^ R 1o a m^ 0 ° C UndSr 8 '° ad ° f 216 k9> aCCOrdin9 10 AS ™-° 1238 °t the propylene block copolymer itself 

the crystallinity of the propylene block copolymer itself measured by X-ray diffractometry is 44% 

5! SSTf^JS* propylene aock copolymer is 16% by weight of the entire copolymer;' 

the MFR (at 23Q-C under a load of 2.16 kg) according to ASTTVI-D1238 of the block moiety (a) is 10 g/10 min- 

the block moiety (a) is 74% by weight of the propylene block copolymer; and 

the ethylene content of the block moiety (b) is 60% by weight. 

EE<S>: Propylene-ethylene random copolymer having an ethylene content of 5.5% by weight an MFR (at 230°C 
S^f'eSf 9> aCCOrdin9 10 AS ™-° 1238 of 2 *° ™- a "° a crystallinity Z^£™J£S£ 

(D) Component (D) 

BTe^ff y?2ir P Tl ene COp ° ,ymer rubber havin 9 a Moone y ^scosity ML 1+4 (100°C) according to ASTM- 
not JSSi ProPy1ene C ° rtent ° f 2?% bV Wei9ht (th8 T measured ^ *«i diffractometry being 

(E) Component (E) 

SsTM D^"^n' ar Wei9h . t fTfi."? COm P ound havin 9 an MF * (at 230-C under a load of 2.16 kg) according to 
ASTM-D1238 of approximately 4.700 (number-average molecular weight 15.000). and a crystallinity measured bv 
X-rayd,ffractometry of 58.5 %. the melting peak temperature of its crysta.s measured by CScSSS!i 

(F) Component (F) 

SSm^T 6 b 'S* ? opo ! ymer composed of propylene homopolymer block moiety (a) and ethylene-oroovlene 
random copolymer block moiety (b), having the following properties: einyiene-propylene 

the MFR (at 230-C under a .oad of 2.16 kg) according to ASTM-D1 238 of the propylene block copolymer itself 
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is 60 g/1 0 min; 

the crystallinity of the propylene block copolymer itself measured by X-ray diffractometry is 56%; 
the ethylene content of the propylene block copolymer is 6% by weight of the entire copolymer; 
the MFR (at 230°C under a load of 2.16 kg) according to ASTM-D1238 of the block moiety (a) is 150 g/10 min; 
5 the block moiety (a) is 90% by weight of the propylene block copolymer; and 

the ethylene content of the block moiety (b) is 40% by weight. 

(G) Component (G) 

io Softening aaent for rubber: 

Paraffin oil having a number-average molecular weight of 746, which is found, as a result of a ring analysis, to have 
no ring structure ("Diana Process Oil PW380" manufactured by Idemitsu Kosan Co., Ltd.). 

15 (H) Crosslinking Agent 

Crosslinkina agent: 

Divinylbenzene manufactured by Sankyo Chemical Industries, Ltd. 

20 

(I) Organic Peroxide 
Organic perpxide; 

25 "Kayahexa AD" (2,5-dimethyl-2,5-di(tert-butylperoxy)hexane) manufactured by Kayaku AKZO Corporation. 

[II] Methods of Evaluation 

(1) Solid Viscoelasticity 

30 

The storage shear modulus G' at 100°C, 140°C and 190°C were determined by using a Mechanical Spectrometer 
Model RMS 605 manufactured by Rheometric Scientific FE Co., Ltd. . 

Temperature range: 0 - 200°C 

35 Strain: 0. 1% at a temperature ranging from 0 to 1 50°C, and 1 .5% at a temperature ranging from 1 50 to 200°C 
Frequency: 6.28 rad/sec 

Specimen: Obtained by compression-molding pellets of the thermoplastic elastomer composition at a temperature 
of 200°C under a pressure of 100 kg/cm 2 into a sheet having a thickness of 2 mm, 

and cutting the sheet into square sections with the dimensions of 63 mm x 12.7 mm. 

40 

(2) Stress Relaxation Index 

The time dependence of the relaxation modulus G(t) was determined by using a Mechanical Spectrometer Model 
RMS 800 manufactured by Rheometric Scientific FE Co., Ltd., and the stress relaxation index r was calculated by the 
as following equation: 

r = {log G(t) (after 1 0 1 seconds) - log G(t) (after 1 0 3 seconds)} / 4 (2) 

(wherein G(t) represents a relaxation modulus (a value obtained by dividing the shear stress by the strain (3 in 
so this case)). 

Temperature: 190°C 

Strain: 300% in a clockwise direction 

Fixture: Cone plate having a diameter of 25 mm and a cone angle of 0.1 radian 
55 Gap: 0.05 mm 

Specimen: Obtained by compression-molding pellets of the thermoplastic elastomer composition at a temperature 
of 200°C under a pressure of 100 kg/cm 2 into a sheet having a thickness of 1 mm. 
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(3) Tensile Modulus 

to the dteS^Su^S^ 5 mm h ^ Ud6d from a ™ e "»■** machine was cut. in the direction rectangular 

(4) Physical Properties of Sheet 

(A) Embossing (Embossed Pattern) Retention After Vacuum Forming (Rz Retention) 

The embossing (embossed pattern) retention was determined in the following manner- after a sheet is suhi^ 

(B) Drawing 

mid ^T!ll!^t^ y ^Z the ^ °' th6 UPSbmd 3t underside of *• truncated quadrangular pyra- 
m.a (angle. 90 degrees, metal mold with a corner curve of 0.5 mm as measured by a curve ruler (JIS-Z81 law WmoH 
by »e vacuum form,ng which wil, be described later is 2.0 mm or smaller, and by /iEE cu^ 

(C) Rupture 

(D) Adhesion 

[III] Examples & Comparative Examples 

Referential Examples 1 to 6 (Production nf The rmoplastic Fi ag tnm 0rc) 
1st Step 

2nd Step 
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Examples 1 to 7 8 Co mparative Examples 1 to 7 
3rd Step 

The pellets obtained in the 2nd step were mixed with the components in amounts shown in Tables 2 to 5 by using 
a Henschel mixer, and the mixture was then kneaded by using a twin-screw extruder (PCM 45 manufactured by Ikegai 
Corp.) at 230 rpm at a temperature of 200°C for 40 seconds, thereby obtaining a thermoplastic elastomer composition. 

Production of Sinole-Laver Sh»at 

The thus-obtained thermoplastic elastomer composition was extruded at a temperature of 220°C while allowing it 
to pass between an embossing (embossing-pattern processing) roll (30°C) and a pressure rubber roller, using an 
extruder having a screw diameter of 45 mm and a compression ratio UD of 28 ("45 mm0 T-die smalt molding machine- 
manufactured by Musashino Kikai Co., Ltd.). equipped with a coathanger T die and a full flighted screw. The sheet was 
taken off at a rate of 2 m/m.n. thereby obtaining an embossed sheet (a sheet provided with an embossed pattern) hav- 
ing a thickness of 0.35 mm. the average depth of the embossing pattern being 100 micrometers 

This sheet was further subjected to a corona discharge treatment, and a primer ("Hicorp AD-180 series' manufac- 
tured by Tokushu Shikiryo Coloring Mfg. Co.. Ltd.. solid content 6% by weight), and a primer ("Hicorp UEU-684 series- 
manufactured by Tokushu Shikiryo Coloring Mfg. Co.. Ltd.. solid content 7% by weight) were spray-coated onto the 
sheet in amounts of 40 g/m z and 70 g/m 2 (wet basis), respectively. 

The sheet thus obtained were evaluated in terms of embossing, drawing and rupture. 

Production of Sheet Laminated wi t h Polvnrnpylene Resin Fnam 

In the above-described production of a single-layer sheet, when the thermoplastic elastomer was extruded while 
allowing it to pass between an embossing (embossing-pattern processing) roll (30°C) and a pressure rubber roller a 
polypropylene resin foam sheet (PPAM 25020 manufactured by Toray Industries. Inc.) was also allowed to pa'ss 
between the above thermoplastic elastomer sheet and the pressure rubber roller. Thus, the thermoplastic elastomer 
composition was laminated onto the polypropylene resin foam sheet. 

The above-obtained sheet was subjected to the evaluation of adhesion. 

Vacuum Forming 

The single-layer sheet obtained above was heated by means of an infrared heater until the surface temperature of 
the sheet reached 100°C - 130°C. Thereafter, this sheet was subjected to drape vacuum forming by using a male die 
in ttie shape of a truncated quadrangular pyramid having an underside area of 130 cm 2 , a top face area of 40 cm 2 and 
a height of 5.5 cm (molding machine: "Vacuum Forming Machine FCP-4APA-W-30-L" manufactured by Asano Kenkyu- 
sno K.K.). ' 

in order to evaluate lifting, the PP-foam-laminated sheet was subjected to vacuum-forming in the same manner as 
descnbed above, by using a metal mold covered with a wood stock (curve at the corner: 5-mmR) which had been spray- 
coated with an isoprene rubber adhesive in advance, followed by drying at a temperature of 8CTC for 3 minutes 
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50 



Molded sheets of the thermoplastic elastomer composition of the present invention, when subjected to secondary 
forming such as vacuum forming, pressure forming or the like, show excellent uniform extensibility and embossing 
retention over a wide range of forming temperatures. The thermoplastic elastomer composition of the present invention 
is thus suitable for the skin materials of automotive trims, for example, instrument panels, door trims, console boxes 
ceiling sheets and handle pads, and for leather sheets for chairs and bags. 



55 Claims 



A thermoplastic elastomer composition comprising a crosslinked polymer (II) obtained by subjecting a composition 
(I) comprising 10 to 75% by weight of the following component (A) and 90 to 25% by weight of the following com- 
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ponent (B) to a dynamic thermal treatment which is carried out in the presence of an organic peroxide, and at least 
one component selected from the following components (C) and (D) in an amount of not more than 200 parts by 
weight for 1 00 parts by weight of the total of the components (A) and (B), the thermoplastic elastomer composition 
having the following physical properties < 1 > to < 4 > : 

component (A): a resin composed of the following components (A1) and (A2): 

component (A1): 50 to 100% by weight of a crystalline propylene polymer resin, and 
component (A2): 50 to 0% by weight of an olefin resin other than component (A1); 

component (B): an elastomer composed of the following components (B1) and (B2): 

component (B1): 10 to 100% by weight of a propylene-olefin copolymer rubber having a propylene content 
of 65 to 90% by weight, and 

component (B2): 90 to 0% by weight of an olefin copolymer rubber other than component (B1); 

component (C): 5 to 200% by weight of at least one of the following components (C1) and (C2): 

component (C1): an ethylene copolymer resin having a density of 0.94 g/cm 3 or lower, and 
20 component (C2): a crystalline propylene polymer resin; and 

component (D): 0 to 100% by weight of a copolymer rubber of ethylene and an a-olefin having 3 to 12 carbon 
atoms; 



w 



15 



25 



physical properties 



( 1 > the storage shear modulus G* in dynamic solid viscoelasticity measurement at 100°C is in the range 
of 3x1 0 6 to 2x1 0 7 Pa, and the difference g between the storage shear modulus G' at 100°C and that at 
140°C, represented by the following equation (1) is not more than 0.6: 

30 g = logG'(100 0 C)-logG' (140°C) (1) : 

(2) the storage shear modulus G' in dynamic solid viscoelasticity measurement at 190°C is in the range 
of 1x1 0 4 to 1x10 5 Pa; 

<3> the stress relaxation index r represented by the following equation (2), which is an index for stress 
35 relaxation from the stress at a point of 10~ 1 seconds to the stress at a point of 10 3 seconds after 300% 

strain has been given at 190°C, is 0.38 or more: 

r ={log G(t) (after 10 1 seconds) - log G* (t) (after 1 0 3 seconds)} / 4 (2) 

40 (wherein G(t) represents a relaxation modulus); and 

<4> the 100% modulus at 100°C of a 0.35 mm thick sheet is not more than 15 kgf/cm 2 . 

2. The thermoplastic elastomer composition according to claim 1, wherein the component (A1) has a crystallinity of 
40 to 80% as measured by X-ray diffractometry, and a melt flow rate (at 230°C under a load of 2.16 kg) of 0.1 to 80 

45 g/10 min. 

3. The thermoplastic elastomer composition according to claim 1 or 2. wherein the component (A2) is an ethylene pol- 
ymer resin having a density of 0.88 to 0.97 g/cm 3 . 

so 4. The thermoplastic elastomer composition according to any of claims 1 to 3. wherein the component (B1 ) is propyl- 
ene-ethylene copolymer rubber having a Mooney viscosity ML 1+4 (100°C) of 10 to 200. 

5. The thermoplastic elastomer composition according to any of claims 1 to 4, wherein the component (B2) is ethyl- 
ene-propylene copolymer rubber or ethylene-propylene-unconjugated diene terpolymer rubber having a propylene 

55 content of 1 5 to 60% by weight of the total amount of ethylene and propylene. 

6. The thermoplastic elastomer composition according to any of claims 1 to 5, wherein the composition (I) further 
comprises at least one component selected from the following components (E) and (F) in an amount of 10 to 250 
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parts by weight for 100 parts by weight of the component (A): 



component (E): a low-molecular weight olefin compound having a melt flow rate of 100 g/10 min or more as 
measured in accordance with ASTM-D1238 at 230"C under a load of 2.16 kg. and a melting point of 80°C or 
higher; and component (F): a propylene block copolymer composed of the following block moieties (a) and (b): 

block moiety (a): a block moiety having a propylene content of 90 to 100% by weight, and a melt flow rate 
at 230°C under a load of 2.16 kg of 50 g/10 min or higher, selected from the following (a1). (a2) and (a3): 

(a1): propylene homopolymer block moiety, 

(a2): a binary random copolymer block moiety consisting of propylene and ethylene or an a-olefin hav- 
ing 4 to 12 carbon atoms, and 

(a3): a moiety containing propylene homopolymer block moiety and a binary random copolymer block 
moiety consisting of propylene and ethylene or an a-olefin having 4 to 12 carbon atoms; and 

block moiety (b): a block moiety having an ethylene content of 20 to 100% by weight, selected from the fol- 
lowing (b1 ) . (b2) and (b3) : 

(b1 ): ethylene homopolymer block moiety, 

(b2): a binary random copolymer block moiety consisting of ethylene and an a-olefin having 3 to 12 
carbon atoms, and 

(b3): a moiety containing ethylene homopolymer block moiety and a binary random copolymer block 
moiety consisting of ethylene and an a-olefin having 3 to 1 2 carbon atoms. 

The thermoplastic elastomer composition according to claim 6. wherein the component (E) is propylene homopol- 
ymer or a random copolymer of propylene and 10% by weight or less of at least one a-olefin selected from ethyl- 
ene. butene-1 and hexene-1 . 

The thermoplastic elastomer composition according to claim 6 or 7. wherein the amount of the a-olefin other than 
propylene, contained in the propylene block copolymer, the component (F), is not more than 30% by weight of the 
block copolymer, and the percentage of the block moiety (a) in the copolymer is 70 to 95% by weight 
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